There are no validated criteria to measure skin response in chronic GVHD. In a prospectively assembled, multicenter cohort of patients with chronic GVHD (N ‫؍‬ 458), we looked for correlation of change in several different scales recommended by the National Institutes of Health (NIH) Consensus with clinician and patient perception of change and overall survival. Of the clinician scales, the NIH composite 0-3 skin score was the only one that correlated with both clinician and patient perception of improvement or worsening. Of the patient-reported scales, the skin subscale of the Lee Symptom Scale was the only one that correlated with both clinician and patient perception of improvement or worsening. At study entry, NIH skin score 3 and Lee skin symptom score > 15 were both associated with worse overall survival. Worsening of NIH skin score at 6 months was associated with worse overall survival. Improvement in the Lee skin symptom score at 6 months was associated with improved overall survival. Our findings support the use of the NIH composite 0-3 skin score and the Lee skin symptom score as simple and sensitive measures to evaluate skin involvement in clinical trials as well as in the clinical monitoring of patients with cutaneous chronic GVHD. 
Introduction
The major cause of late morbidity and nonrelapse mortality (NRM) after allogeneic hematopoietic cell transplantation (HCT) is chronic graft-versus-host disease (GVHD). 1 The risk of chronic GVHD is increased with older recipient age, use of unrelated donors, peripheral blood as the HCT source, and treatment with donorlymphocyte infusion. 2, 3 Published reports of agents targeting chronic GVHD have measured clinical benefit using scales that have not been validated and are not universally accepted. [4] [5] [6] [7] Validated measurement tools to assess changes in the severity of chronic GVHD are needed for conduct of robust clinical trials of chronic GVHD therapies, and for comparison with prior studies.
Recognizing the lack of uniformity in reported chronic GVHD studies and absence of a widely accepted gold standard for determining activity of chronic GVHD or response to treatment, the 2005 National Institutes of Health (NIH) Consensus Conference proposed new criteria for scoring disease severity at initial diagnosis 8 and for measuring response in clinical trials. 9 In an effort to validate and refine the NIH consensus measures, the Chronic GVHD Consortium has undertaken a multicenter, prospective, longitudinal study in patients with chronic GVHD 10 which includes the evaluation of instruments proposed by the NIH Consensus and other measures reported in chronic GVHD trials. The goal of the study is to identify the most useful instruments to grade chronic GVHD severity, to capture clinically meaningful changes over time, and to correlate with overall survival (OS), NRM, and quality of life.
The skin is one of most common organs affected with chronic GVHD 11 and can cause significant morbidity. The variety of skin manifestations and the subjectivity in interpreting the degree of sclerosis and overall degree of involvement have led to poor interrater reliability between experts and clinicians. 12 In practice, clinicians have usually relied on their memory or whatever descriptions are available in the medical records to ascertain whether a patient's manifestation is objectively better or worse over time. Very few institutions include digital photography of the skin in their records, but even so, this measure does not capture texture. Use of ultrasound to quantify skin involvement has not been adopted, and would only be useful for sclerotic lesions. 13, 14 Validated instruments that adequately capture the severity and changes over time (response) of cutaneous chronic GVHD are needed for clinical trials.
The current analysis evaluated several measures of cutaneous chronic GVHD. The instruments included 2 NIH recommended scales (the NIH composite 0-3 skin scoring and the NIH skin response scale), 8, 9 the Vienna Skin Scale, 15 the Johns Hopkins sclerosis and fasciitis scales, 6 and 2 GVHD symptom measures including the skin subscale of the Lee Symptom Scale 16 and pruritus. 9 The aim of this study was to identify which of the evaluated skin scales or combination of instruments best correlated with clinician and patient perception of skin change, as well as with major outcomes such as survival. A simple and validated instrument to evaluate skin response in clinical trials would represent an important methodologic contribution to chronic GVHD research.
Methods

Chronic GVHD Consortium: description of study cohort
A cohort of HCT recipients with chronic GVHD was assembled prospectively in a multicenter observational study. The protocol was approved by the institutional review board at each of the 9 participating sites (Table 1) , and all subjects provided written informed consent in accordance with the Declaration of Helsinki. Study participants were allogeneic HCT recipients age 2 years or older with chronic GVHD (classic and overlap subtypes) requiring systemic immunosuppressive therapy. 8 Cases were classified as incident (enrollment Ͻ 3 months after chronic GVHD diagnosis) or prevalent (enrollment 3 or more months after chronic GVHD diagnosis but within 3 years of HCT). At enrollment and every 6 months thereafter, clinicians and patients report standardized information on chronic GVHD organ involvement and symptoms. Incident cases had an additional assessment time point 3 months after enrollment. The overall severity of chronic GVHD was assessed by the NIH consensus global severity scoring (based on number of organs involved and severity score in each organ), 8 by the clinician perception of severity (mild, moderate, and severe, 0-10 scale), and by the patient perception of severity (mild, moderate, and severe, 0-10 scale). 12 Standardized chart review after each visit abstracted objective medical data (including ancillary testing and laboratory results), medical complications, and medication profiles.
Skin assessment measures
Seven instruments used to assess skin involvement by GVHD were evaluated in this study. The NIH skin response scale (supplemental Figure 1A , available on the Blood Web site; see the Supplemental Materials link at the top of the online article) scores 8 body regions according to percentage of body surface area (BSA) involved with erythematous rash (which includes any cutaneous manifestations other than sclerosis), movable sclerosis, and nonmovable sclerosis. 9 The scale was scored as the involved percentage weighted by BSA, with possible values of 0%-100% for each manifestation. This instrument was proposed by the NIH Consensus for evaluating skin response in clinical trials. The NIH composite 0-3 skin scoring considers the extent of skin involvement, the presence of sclerotic features, and symptoms into a composite scale (supplemental Figure 1B ). This composite skin score was proposed by the NIH Consensus to assess severity at initial diagnosis and staging of chronic GVHD. 8 The Vienna Skin Scale (VSS) instrument scores 10 body regions with percentage involvement of pigmentary changes, rash, and sclerosis (supplemental Figure 1C ). Regional scores are summed for a Vienna Skin Total (VST) score of 0-50. 15 Note that the 3 instruments do not include identical skin manifestations, so it is possible to have involvement by one scale but not by another. In particular, the NIH 0-3 composite skin score includes functional and symptom considerations. The VSS includes alopecia, hypopigmentation, and hyperpigmentation in its scoring. The other 4 instruments analyzed were the Hopkins skin sclerosis score (0-4; supplemental Figure 1D ), 6 the Hopkins fasciitis score (0-3; supplemental Figure 1E ), 6 and 2 patient-reported measures: skin itching (0-10) 8 and the Lee Symptom Scale, skin subscale (5 items, 0-100). 16 A change of 15 points in the Lee skin symptom score is considered clinically significant. At follow-up visits every 6 months, patients and providers rated separately their perception of change in skin involvement on an 8-point scale, which was analyzed as improved ["(1) completely gone," "(2) very much better," "(3) moderately better"], stable ["(4) a little better," "(5) about the same," "(6) a little worse"], or worse ["(7) moderately worse," "(8) very much worse"].
Statistical methods
Patient sociodemographics, transplantation characteristics, and GVHD organ severities are presented as median and range for continuous variables, and as frequency and percentage for categorical variables.
At each study visit, presence or absence of cutaneous involvement was classified based on 2 of the clinician report measures. Presence as recorded by both the NIH skin response measure (% BSA Ͼ 0 for erythematous rash, movable sclerosis, nonmovable sclerosis, fasciitis, and/or deep sclerosis) and the Vienna Skin Score (VST Ͼ 0) was required to indicate skin involvement for a given patient at a given visit. Sequential change scores for skin measures were calculated by subtracting previous scores from current values. For example, change in erythema could range from Ϫ100 to 100. Multivariable regression models were constructed to examine the association between clinician and patient perception of change in skin involvement and sequential change scores for skin measures, limiting the analysis to visits with skin involvement in the current and/or previous visit. Covariates adjusted in all models were Karnofsky performance status at chronic GVHD onset (Ͻ 80, Ն 80), case type (incident, prevalent), and months from HCT to enrollment (Ͻ 12 months, Ն 12 months). These covariates were all related to perceived change in univariate analysis. Linear mixed models with random patient effect were used to account for within-patient correlation, and study site (Fred Hutchinson Cancer Research Center, other sites) was an additional covariate to account for unmeasured patient selection effects. Type I error was controlled by considering a 2-sided P value of .01 or lower as statistically significant.
OS was calculated as months between enrollment and death, with follow-up censored at date of last contact. NRM was defined as death before relapse, with relapse treated as a competing event. OS was displayed using the Kaplan-Meier method, and NRM by cumulative incidence curves. Survivor function estimates (ie, 2-year OS probability) were calculated using the Breslow method. 17 Cox regression models were used to predict OS and NRM based on clinician skin severity score or Lee skin symptom score at enrollment. Skin assessment measure hazard ratios (HRs) were estimated adjusting for study site (Fred Hutchinson Cancer Research Center, other sites), months from HCT to cohort enrollment (Ͻ 12, Ն 12 months), case type (incident, prevalent), platelet count at chronic GVHD onset (Ն 100 ϫ 10 9 /L, Ͻ 100 ϫ 10 9 /L), Karnofsky performance status at chronic GVHD onset (Ͻ 80, Ն 80), patient age at transplantation (Ն 50, Ͻ 50 years), donor type (matched related, matched unrelated, mismatched), donor-patient gender combination (female into male, other), and prior history of acute GVHD (yes, no). These covariates were chosen as known chronic GVHD mortality risk factors [18] [19] [20] [21] and to control for potential recruitment population differences between study sites. HRs were reported with clinician skin severity score of 0 ("no skin involvement") or Lee skin symptom score Ͻ 15 as the reference.
Additional landmark analyses fitted Cox regression models for OS and NRM from the 6-or 12-month visit, predicted by change in the NIH 0-3 composite skin score from baseline, categorized as "improved (Ͻ 0)," "stable (ϭ 0)," or "worsened (Ͼ 0)" or change in the Lee skin symptom score (15 or more point change considered clinically meaningful). HRs were calculated with clinician skin severity change score of 0 ("stable") as the reference. A final series of Cox regression models treated clinician skin severity score as a time-dependent covariate. Statistical analyses were conducted using SAS/STAT Version 9.2 software (SAS Institute Inc) and R Version 2.14.2 R (Foundation for Statistical Computing). (14) 30 (14) 35 (14) Dana-Farber Cancer Institute 53 (12) 17 (8) 36 (14) University of Minnesota 51 (11) 34 (16) 17 (7) Vanderbilt University Medical Center 36 (8) 17 (8) Bone marrow 34 (7) 22 (11) 12 (5) Cord blood 22 (5) 14 (7) 
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Results
Demographics and baseline characteristics
Nine participant sites in the Chronic GVHD Consortium enrolled 458 patients in the trial as of December 2010. Table 1 describes characteristics of the 458 patients at the time of enrollment (baseline), of whom 250 (55%) had skin involvement as measured both by the NIH response measure (Ͼ 0% BSA) and the VSS (VST Ͼ 0). Chronic GVHD severity measures at enrollment are summarized in Table 2 . The study cohort was represented equally by incident and prevalent chronic GVHD cases (Table 1) . Almost 90% of subjects received mobilized blood as the stem cell graft source. Thirty-two percent of subjects had severe chronic GVHD overall, per NIH Consensus criteria. One hundred forty-seven patients (59%) had 2 or more time points included in the analysis. Figure 1 displays skin manifestations among the 257 patients (56%) with involvement at enrollment according to the NIH skin response scale. The most common manifestation according to NIH skin response scale was erythema alone (60%), which includes any cutaneous involvement other than sclerosis, but all combinations of erythema, movable sclerosis, and nonmovable sclerosis were observed, including presence of all 3 manifestations in 8 patients 
Serial change in skin measures as a predictor for perceived change at follow up visits
Of the 961 follow-up visits, 543 were for patients with skin involvement at that visit or the previous visit. One hundred fifty-two (28%) were 6-month visits, 102 (19%) were 12-month visits, and the rest were 18-month or later visits. Change in skin manifestation was rated by the medical providers as improved in 45%, stable in 46%, or worse in 9%, and by patients as 58%, 35%, and 7%, respectively. The concordance between clinicians and patients was moderate (weighted ϭ 0.41). Table 3 shows the results of multivariable linear mixed models examining the association between sequential changes of skin measures and clinician or patient perception of change. While changes in several skin scores correlated with either changes reported by clinicians or patients, only changes in the NIH composite 0-3 skin score and in the skin subscale of the Lee symptom score showed sensitivity to both worsening and improvement in the perceived change by both clinicians and patients. The NIH composite 0-3 skin score decreased by an estimated average of 0.74 (95% confidence interval [CI] 0.56-0.93) point when clinicians perceived improvement versus stability, and by a corresponding 0.36 (95% CI 0.14-0.58) point when patients perceived the same improvement. The NIH composite 0-3 skin score increased by an estimated average of 0.78 (95% CI 0.46-1.09) point when clinicians perceived worsening versus stability, and by a corresponding 0.79 (95% CI 0.35-1.24) point when patients perceived the same worsening (Table 3) . Examination of the patterns of change in the different skin measures showed the decreased erythema appeared best correlated with improvement in the NIH composite 0-3 score whereas worsening in all types of skin involvement (erythema, movable sclerosis, nonmovable sclerosis, worsening range of motion in joints) was seen when the NIH composite score worsened. These patterns were consistent regardless of the initial NIH skin severity.
The estimated mean changes in the Lee skin symptom score with both the clinician and patient perception of improvement or worsening compared with stability are shown in Table 3 . These results are both clinically and statistically significant (P Ͻ .01).
Association between NIH composite 0-3 skin score and mortality
Because the NIH composite 0-3 scale was the only clinician skin measure that correlated with clinician and patient perception in both the improvement and worsening directions, we analyzed its potential association with OS and NRM. Of the 458 patients enrolled, 454 patients had subsequent follow-up visits and were included in these analyses. A total of 75 patients died, 58 without recurrent or progressive malignancy. The median follow-up time of survivors was 18.8 months (range 2.6-47.2). Figure 2 displays OS and NRM according to enrollment NIH 0-3 skin score. Two-year OS for NIH skin scores of 0, 1, 2, and 3 at study entry were 86% The linear mixed models were used to predict clinician or patient-reported change in skin involvement according to sequential changes in skin severity by 9 different measures (P Յ .01 in bold). Each model includes one sequential change measure as the outcome, one perceived change measure as the covariate of interest, and controls for study site and for factors related to perceived change (Karnofsky performance status, case type, and months from HCT to enrollment).
NIH indicates National Institutes of Health; CI, confidence interval; and HCT, hematopoietic cell transplantation. *Includes any cutaneous manifestations other than sclerosis and fasciitis.
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NIH indicates National Institutes of Health; OS, overall survival; NRM, nonrelapse mortality; HCT, hematopoietic cell transplantation; HR, hazard ratio; and CI, confidence interval.
Bold values represent HRs with P Յ .01. (95 CI, 80%-92%), 83% (75%-91%), 81% (73%-89%), and 69% (58%-83%), respectively. The 2-year NRM for NIH skin scores of 0, 1, 2, and 3 at study entry were 10% (5%-16%), 13% (6%-20%), 15% (8%-22%), and 30% (16%-41%), respectively. After adjusting for known chronic GVHD risk factors, a baseline NIH skin score of 3 was associated with higher overall mortality (HR 2.9, 95% CI 1.5-5.7, P ϭ .001) and higher NRM (HR 4.5, 2.2-9.4, P Ͻ .001) compared with no skin involvement (Table 4 ). In addition, worsening in NIH skin score at 6 months was associated with subsequent overall mortality (HR 4.7, 0.9-25.1, P ϭ .07) and higher subsequent NRM (HR 7.2, 1.2-43.9, P ϭ .03) compared with stable NIH skin score among patients with cutaneous involvement at study entry. Change of NIH skin score at 12 months was not associated with subsequent OS or NRM. Using NIH 0-3 skin score as a categorical time-dependent covariate, similar associations were found with OS and NRM. Compared with no skin involvement (score 0), NIH skin score of 3 was associated with lower subsequent OS (HR 4.3, 95% CI 2.3-8.2, P Ͻ .001) and higher NRM (HR 6.9,95% CI 3.3-14.3, P Ͻ .001). In addition, NIH skin score of 2 was associated with worse OS (HR 1.9, 95% CI 1.0-3.5, P ϭ .06) but not with NRM (P ϭ .13).
Incident versus prevalent chronic GVHD type was not significantly associated with OS or NRM and did not show any statistical interaction with skin involvement (data not shown).
Association between the skin subscale of the Lee Symptom Scale and mortality
Given that the skin subscale of the Lee Symptom Scale was the only patient-reported scale that correlated with clinician and patient perception of change in both directions, we looked at its association with OS and NRM. In a multivariate model with known risk factors as covariates, a score greater than 15 in the skin subscale of the Lee Symptom Scale at enrollment was associated with increased subsequent overall mortality (HR 2.3, 95% CI 1.3-3.8, P ϭ .002) and with higher NRM (HR 2.9, 95% CI 1.6-5.4, P ϭ .001). Figure  2C and D show OS and NRM according to Lee skin symptom score dichotomized between 0-15 versus Ͼ 15 points at study entry. Improvement in the skin subscale at 6 months correlated with improved subsequent OS (P ϭ .01) and with NRM (P ϭ .03), but worsening skin subscale was not associated with statistically significant worsening in subsequent OS or NRM. There was no statistically significant association with change in the skin subscale at 12 months with OS or NRM. Testing of the skin subscale as either an enrollment score or as a time-varying covariate showed similar associations with OS and NRM.
Discussion
In this prospective, longitudinal observational study, we have demonstrated that among the 5 clinician-assessment measures of burden of skin chronic GVHD, changes in the simplest scale (NIH composite 0-3 score) were the only ones that correlated well with provider-and patient-reported perception of skin changes (worsening and improved compared with stability). In addition, the NIH composite score at enrollment correlated with subsequent OS and NRM. Of the 2 patient-reported outcome measures tested, the skin subscale of the Lee Symptom Scale correlated with OS and NRM, and changes in the skin subscale over 6-month intervals correlated with provider and patient perceptions of skin changes. Thus, our results suggest that these 2 measures best capture cross-sectional severity of skin chronic GVHD, and that changes over time in these measures reflect clinical benefit. When changes occur in these measures, both providers and patients can perceive a difference and there is an association with subsequent OS and NRM. Considering that both the NIH composite score and the Lee symptom score include components of symptoms or functional status in their response options, we believe they reflect the clinical sense that symptoms are critical to assess response in cutaneous chronic GVHD and that physical findings alone are not sufficient. This may explain the superior performance of these 2 scales over the others tested in our study. Some of the other scales also correlated with changes, particularly to clinician perceived changes, but none achieved the full range of sensitivity seen with the NIH skin score or the Lee skin symptom scale.
The NIH composite 0-3 skin score, originally recommended only to assess skin severity at initial diagnosis and for subsequent scoring purposes 8 (but not response determination), is easy to use given the broad categories for recording the percentage of skin involvement, presence of movable or unmovable sclerosis, and symptoms. The incorporation of symptoms into this scale (eg, severe pruritus, decreased mobility) may explain why it correlated well with clinician and patient perception of change. A recent study showed a similar good correlation of change in the NIH composite eye score with physician and patient perception of change in ocular GVHD symptoms. 22 The lack of correlation in the NIH skin response measure (percentage of body surface area with erythema, movable, and unmovable sclerosis manifestations) 9 with clinician and patient perception of change suggests that small changes in skin manifestations did not reach the threshold for changes in clinically significant symptoms or functional impairments that were noticable to the clinician or the patient. Poor interrater reliability of the NIH skin response measure has been previously reported, 12 also suggesting that this measure may be difficult to complete compared with the NIH 0-3 composite skin score.
One limitation of the NIH composite 0-3 score is that this scale combines heterogeneous manifestations into the same score. For example, patients with any erythematous or lichen-planus-like cutaneous involvement of 25%-50% BSA are combined with those having movable sclerosis into score 2. Patients with cutaneous involvement of Ͼ 50%, unmovable sclerosis, or severe pruritus are all scored a 3. Because changes in sclerosis take many months, if not years, to resolve, the 0-3 scoring system may not be sensitive enough to detect slow but meaningful changes. Future work should evaluate which elements of the composite score are the most clinically relevant under different scenarios of diagnosis and treatment. For example, a separate sclerosis scale may be needed to address the different natural history of this manifestation and to evaluate its treatments.
Among the 2 patient-reported skin scales evaluated in our study, we also have demonstrated that the skin subscale of the Lee Symptom Scale correlated well with perceived change by both clinician and patient. Furthermore, we showed that a low baseline score, as well as improvement at 6 months, is associated with better OS and lower NRM. This simple 5-item patient-reported instrument could therefore be incorporated into chronic GVHD trials as an additional measure of response.
There are number of limitations to this study. Treatment was not controlled in this observational study, but our aim was to evaluate accuracy and responsiveness of skin chronic GVHD assessments that would be applicable for treatments using a broad array of BLOOD, 27 SEPTEMBER 2012 ⅐ VOLUME 120, NUMBER 13 For personal use only. on December 27, 2017. by guest www.bloodjournal.org From agents. Treatment data were collected and may be used in future analyses to address different aims. The study population is primarily white, so results may not apply to nonwhite patients. The associations between the skin scores and the survival outcomes were strongest early after the assessment point and for people with the most severely involved skin. Finally, this analysis was limited to skin measurement scales and any potential correlation between changes in skin with changes in other organs affected by chronic GVHD were not addressed. Current studies using the data from the Chronic GVHD Consortium are addressing the correlation of change among multiple involved organs according to the NIH response scales and the potential value to such change in predicting long-term outcomes. In addition, intervention studies such as the Clinical Trial Network chronic GVHD trial are using NIH scales and other measures that will allow for analysis of correlation of changes with treatment response and other major outcomes.
Our findings support the use of the NIH composite skin score 0-3 and the Lee skin symptom scale as sensitive measures to evaluate skin involvement in clinical trials as well as in the clinical monitoring of patients with cutaneous chronic GVHD. The validation of skin measures for chronic GVHD is a step forward to simplify the clinician assessment of cutaneous changes over time, which we hope will rekindle the interest in clinical trials testing novel agents for response in cutaneous chronic GVHD.
